Nanosheets of nickel with thickness equal to 0.6 nm have been grown within the interlayer spaces of Na-4 mica. The sheets are made up of percolative clusters of nanodisks. Magnetization characteristics indicate a superparamagnetic behavior with a blocking temperature of 428 K.The magnetic anisotropy constant as extracted from the coercivity data has been found to be higher than that of bulk nickel by two orders of magnitude. This is ascribed to a large aspect ratio of the nickel nanophase. The Bloch exponent is also found to be considerably different from that of bulk nickel because of a size effect. The Bloch Equation is still found to be valid for the two dimensional structures.
I. INTRODUCTION
The magnetic properties of two dimensional nanostructures with large aspect ratio have received considerable attention in recent years 1 . Two-dimensional systems display magnetic properties distinct from those of bulk materials, and it remains a challenge to understand their behavior 2 . The magnetic properties of nanoparticles depend strongly on the particle size and shape and the results are interesting not only from the point of view of basic physics but also of technological applications such as ferrofluids, magnetic refrigaration etc. [3] [4] [5] [6] [7] . Though the synthesis of two dimensional transition metal having fcc structure has been rarely explored, two dimensional single crystalline nickel has been grown recently by a solution phase method 8, 9 . These nanosheets are triangular and hexagonal in shape having a thickness of 6 nm and edge length of 15.4 nm.
We had previously synthesized two dimensional silver 10 ,manganese 11 and compounds like
BaT iO 3 12 and GaN 13,14 by a template assisted method. In order to synthesize them, sodium fluorophlogopite, commonly known as Na-4 mica, was used as the template. Na-4 mica is a layered material. The interlayer spaces have been exploited to grow two dimensional nickel.
The thickness of such regions was estimated from the interplanar spacings of the concerned planes as calculated from the X-ray diffraction pattern of the material 15 . From the latter the basal plane (001) spacing of the hydrated Na-4 mica was found to be 1.21nm. Subtracting the interplanar spacing of (002) planes viz; 0.61nm 15 from the above we obtained 0.6nm, which we take as a measure of the interlayer thickness for hydrated Na-4 mica. These spaces have unusually large number of four cations per unit cell, loosely bound with the upper and lower block oxygen ions via weak electrostatic interactions. The cations can be exchanged with suitable ions. After proper treatment the formation of desired materials within the nanodimensional space can be achieved. Due to this small thickness, much higher aspect ratio can be induced in the system than that reported till date. We had recently used Na-4 mica to grow nickel nanosheets. The study was restricted to delineating the magnetodielectric effect in the system 16 which was found to be substantial. In this present investigation we have explored the magnetic anisotropy behaviour of two dimensional metallic nickel of thickness 0.6 nm synthesized within the nanochannels of Na-4 mica.
II. EXPERIMENT A. Synthesis
Synthesis of Na-4 mica has been described elsewhere 11, 12, 17 . The Na-4 mica powder was kept inside a saturated solution of nickel nitrate (as obtained from E.Merck (India) Ltd.)
in water for two and a half months, at 333K in an air oven, for the ion exchange reaction, 
B. Characterization
The phases present in the composites synthesized were identified by X-ray diffraction studies on them. A Bruker D8 XRD SWAX diffractometer was used with Cu K α radiation. K with an applied field up to 30 kOe.
III. RESULTS AND DISCUSSION

A. Structure Analysis
The X-ray diffractogram obtained from Na-4 mica powder synthesized in this work is shown in figure 1 . The d-spacings calculated from the diffraction angles pertaining to different peaks match well with those reported in the literature 18, 19 . Figure We have also tried to delineate the thickness of the nickel nanosheet by dispersing the extracted nickel entities (see section 2.2) on a freshly cleaved mica (SPI Supplies, West
Chester, PA, USA) surface mounted on measuring platform of an Atomic Force Microscope (AFM) (Vecco Model,CP-II). The changes in AFM stylus position as it is drawn over the samples whose images are given in 3(a) . The green line in the z-color scale is the base line, denoting the substrate (mica) surface from which the heights were measured. The big, bright particles are unreacted flakes of Na-4 mica. It is to be noted that the steps in the line profiles arose due to the low resolution of the imaging, and definitely not real. The thickness of a single sheet of nickel was found to be 0.6 nm. However, we have also obtained areas of thickness 1.2 nm and 1.8 nm, because due to this method of sample preparation one may obtain a situation where few nickel nanosheets juxtaposed on top of each other. In Since nickel has an fcc crystal structure the formation of (111) The typical height profiles corresponding to the lines in figure 3 (a).
FIG. 4. (a)The 3 dimensional view of the figure 3(a). (b)
The percentages of obtaining thickness of intergral multiples of 0.6 nm (shown in a Pie plot) as obtained from fig. 3(a) .
B. Magnetic Properties
The variation of magnetization as a function of temperature under both field cooled the superparamagnetic blocking temperature of the nanosheets is above 300 K. This high blocking temperature is a signature of their highly anisotropic nature. This is borne out by magnetization-magnetic field hysteresis curve shown in figure 7 . In the temperature range of measurement of the M-H isotherm we observe a hysteretic feature which signifies that the material is ferromagnetic at the room temperature. It may be noted here that due to lack of data at temperatures above 300 K it was not possible to determine the exact value of blocking temperature T B from FC ZFC curves. We have measured the coercivity at different temperatures, from the M-H isotherms, and figure 8 represents the variation of coercivity as a function of temperature. The experimental data were fitted to the relation
where, T B is the blocking temperature, and H C (0) is the coercivity at 0 K. From the least square fitting of the experimental data the extracted value of the blocking temeperature was found to be 428 K. It may be noted that eq.1 pertains to spherical particles. We have fitted our results to this equation and the calculated value of 'κ'(see below) refers to the effective anisotropy constant for an equivalent set of spherical particles having the same volume as those of the nanodiscs in the present system. The magnetic anisotropy constant 'κ'has been calculated using equation
where k B is Boltzman constant T B is blocking temperature extracted from H C − T curve, and V is the volume of a single particle as measured from TEM image. The anisotropy constant was calculated to be 7.77 × 10 6 erg/cm 3 , which is about two orders of magnitude higher than that of bulk nickel, viz; 5.0 × 10 4 erg/cm 322 . This high magnetic anisotropy constant can be attributed to the highly anisotropic shape of the nickel nanosheets. As a matter of fact the room temperaure coercivity is also two orders of magnitude higher than that of bulk nickel, viz;0.7 Oe 23 . It should be pointed out here that the magnetic measurements were carried out on a powdered sample with the nanosheets aligned at random with respect to the magnetic field direction. Hence, the magnetic anisotropy as extracted above can not be assigned to any specific direction but can be described as arising due to value of 415 Oe obtained in our system seems consistent with these because our samples are two dimensional in nanoscale. In figure 9 due to a decrease in thermal energy 25 . It is to be noted, that the saturation magnetization obtained in our studies is around 12 emu/g. This is much lower than that observed in pure fcc nickel at 300 K 26 . This difference is caused by the fact that our measurements were carried out on the composite powder in which Ni nanosheets formed a fraction of the material. Na-4 mica occupied the major volume of the sample. As a result the true magnetization can be obtained by dividing the value by a fraction 'f 'delineating the value of the nickel nanosheets in our composite system. We have fitted the magnetic data with Bloch Equation 27 ,28 The values of B and b were found to be 0.031K −1 and 0.34 respectively. It can be noted that the value of Bloch exponent'b'is smaller than 1.5. Such a discrepancy has been adduced to an interfacial or a size reduction effect 28 . The value of 'b 'was reported to be lower than 1.5
as the particle size was reduced 28 . Our data are consistent with this finding reported earlier.
However, the comparison has to be done carefully because our system is two dimensional.
As a result, the nature of variation in the value of the Bloch coefficient is opposite to that reported in case of spherical iron nanoparticles. In the present system, both the aspects become operative. There is a large interface between the nickel sheets and the Na-4 mica blocks. Also the sizes of nickel nanodisks have values in the range 8 to 26 nm,with a thickness of 0.6 nm and as a result of reduction in size, the Bloch exponent shows a value smaller than 1.5 . However, Bloch equation is still valid for the two dimensional systems.
IV. CONCLUSION
Nanosheets of nickel with thickness equal to 0.6 nm have been grown within the nanosized interlayer spaces of Na-4 mica. The sheets are made up of percolative clusters of nanodisks.
Magnetization characteristics indicate a superparamagnetic behavior with a blocking temperature of 428K. The magnetic anisotropy as extracted from the coercivity data,is found to be higher than that of bulk nickel by two orders of magnitude. This is due to a large aspect ratio of the nickel nanophase. The Bloch exponent also deviates considerably from that of bulk nickel because of a size effect. The enhancement of coercivity in these nanofilms as compared to that in bulk nickel will make the material useful as a memory device. 
